Congenital scoliosis is a three-dimensional deformity of the spine including a frontal plane deviation of the spine caused by malformations of vertebrae and ribs. Early surgery is suggested even in mild cases with formation failures in the first three years of life, although there are reports that, in this group of patients, a conservative approach might be beneficial. The purpose of this case report is to document the long-term outcomes of a patient with failures of formation and with a curve exceeding 50° over more than 20 years of his life.
INTRODUCTION
Congenital scoliosis is a three-dimensional deformity of the spine including a frontal plane deviation of the spine caused by malformations of vertebrae and ribs [1 -6] . These malformations can either be failures of formation (e.g. hemivertebrae, teratogenic substances, but also genetic factors may play a role [8] . Teratogens are classified into four categories, physical (e.g. ionizing radiation or agents that contribute to hyperthermia), chemical (e.g. alcohol, cocaine, thalidomide), or infectious agents and maternal conditions (e.g. malnutrition, diabetes, and thyroid disorders) [9] . As congenital scoliosis often is accompanied by abnormalities in other systems, we should hence investigate possible anomalies in the cardiovascular, genitourinary and gastrointestinal systems [8] .
Early surgery is suggested even in mild cases with formation failures in the first three years of life, although there are reports that, in this group of patients, a conservative approach might be beneficial [5] .
Many authors believe that in congenital scoliosis correction surgery should be performed early, before the development of severe local deformities and secondary structural changes, especially in patients with expected deterioration [10 -12] , but no high quality evidence exists supporting the hypothesis that the side effects of surgery are less severe than the side effects of the natural disease itself [5, 6] . Cases already have been presented either successfully staying without any treatment or successfully treated conservatively [5, 7] .
The purpose of this case report is to document a long term follow-up of a patient with failures of formation and with a curve exceeding 50° Cobb angle, over more than 20 years.
CASE PRESENTATION
The patient first presented at 18 months old, with more or less balanced failures of formation (hemi-vertebrae L1 left and T7 right) and a thoracolumbar main curve measuring 52° Cobb.
The treatment with a Chêneau spinal brace was started immediately. The actual wearing time was reported at the beginning more than 18 hours a day. While in-brace time was maintained at this amount, the angle of curvature steadily decreased ( Fig. 1 ) until age 7, to an angle of 40° Cobb. Between the ages of 7 and 11 years, the actual brace wearing time was reduced to 12 hours per day due to the low growth dynamics. With the beginning of puberty, the in-brace prescription should be increased again to about 20 hours per day. During the first five years of treatment (first row), the curve has been successfully reduced from 52° (first row left) to 46° (first row middle) at the age of 3.6 years to 40° (first row right) at the age of seven. Between the age seven to 11 (second row of x-rays) there is no real difference in the follow-up x-rays and the in-brace x-ray (second row on the right) at the age of 11 shows some correction. At 13 years progression back to 50° appeared (third row on the left) and the new brace showed only little in-brace correction (third row middle left). The last brace was made at the age of 15 years at Risser 4, when the curve had progressed to 58° after loss of compliance (third row on the middle right). In-brace xray showed no real correction in the mature boy (third row on the right). This figure has previously been published [5] under the terms of the Creative Commons Attri-bution License.
The patient's compliance failed with an actual wearing time of only 12 hours per day and the curvature increased to 58 °C obb at Risser 4 maturity (Fig. 1) .
The sporadic clinical controls were performed with stable clinical findings and the thoracolumbar angle of trunk rotation (ATR) was maintained at 10° at the final assessment review.
At the final review and assessment, at 24 years old, an Xray was taken and a curvature angle of 63° Cobb was measured in the main curvature area. The patient was satisfied with his clinical appearance (Figs. 2 and 3) and is generally pain free.
Only after vigorous sports activities, the patient reported he feels pain in the main curvature area overnight and the following day. But he also reported he has managed to avoid this pain if he then wears the brace overnight (Fig. (2) on the right). The patient reports he has a 'good' quality of life.
When asked if surgery would be an option for him, he reported that he would not consider this as he is managing his condition well.
DISCUSSION
This case shows that, in contrast to the general surgical approach, early surgery for spinal formation disorders is not mandatory in this patient group. Against the background that there is no evidence to date that patients benefit from surgery in the long term, a surgical indication cannot be derived solely on the basis of the presence of a spinal deformity.
In literature, we find a case series of patients operated early, which is discussed differently [12] . The authors interpret the results as favorable, even if many of the patients in this study suffered from pain in adulthood and often had to undergo multiple surgeries. Without a corresponding control group, no favorable effect of an operation can be derived from the described case series. Therefore, a collection of congenital scoliosis patients treated non-operatively with long observation periods is desirable.
As described earlier, patients with formation disorders can sometimes survive the growth spurt without worsening even without any treatment [5, 6] . In the present case with a curvature of more than 50° at the age of 18 months, it can certainly be assumed that brace treatment initially prevented a progression of the curvature in the early growth phase (age 1.5 -6 years). There has even been a clear curvature correction (Fig. 1) . The fact that a premature reduction of brace wearing time chosen by the patient during his adolescent puberty has led to a slight progression, suggests that this case was a progressive scoliosis. It is therefore probable that brace treatment may have prevented an increase in curvature beyond the existing extent.
In this case with a curvature of more than 60° Cobb, more than 22 years after the start of treatment (Fig. 2) , the patient experiences a 'good' quality of life, a life that does not seem limited despite the curvature of this magnitude. These types of cases raise questions of the general indication for surgery for patients with congenital scoliosis. For example; should Cobb angle magnitude be the only basis of indication for surgery in congenital scoliosis?
Cobb angle and the number of degrees alone can not serve as the only indicator of the condition of the patient (Fig. 3) . Furthermore, one can rightly claim that, according to the current study, there is no significant evidence that patients benefit from surgery for failures of formation. With regard to the operation it is not the initial magnitude of Cobb measurement, but the individual prognosis which is of importance. Smaller deformities according to the author's experience are often also stable during the pubertal growth spurt [5, 6] . Larger curves (> 30 °) with formation defects should be treated early with a suitable brace before considering surgery. However, unilateral segmentation disorders (rib synostosis, unilateral bar) involving more than 3 segments are only accessible to brace treatment as exceptions. Here, early surgery is usually required to mitigate the sometimes fatal prognosis, even if the complication rate in these patients is not insignificant [5] .
CONCLUSION
Patients with formation disorders should not undergo early surgery without attempting high-quality brace treatment. These patients may have a nearly normal quality of life in adulthood with full participation in all activities, when the curvatures are balanced even with a high angle of curvature. In the case of long, one-sided segmentation disorders, surgery should be considered early.
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